A quantum chemical study of HOCl-induced transformations of carbamazepine.
The antiepileptic drug carbamazepine (CBZ) is one of the most persistent pharmaceuticals in the environment. Its chemical fate is influenced by the type of wastewater treatment. This study sets out to determine the degradation mechanism and products in the reaction between CBZ and hypochlorous acid (HOCl), which is the main chlorinating species in water. In the search for the most feasible pathways of HOCl-induced transformations of CBZ, a quantum chemical approach was employed. Chlorination and epoxidation of CBZ are two initial, competitive processes that result in two key intermediates: N-chloramide and 10,11-epoxide. The calculated free energy barriers (ΔG) for these reactions are 105.7 and 95.7 kJ mol-1 resp., which is in agreement with the experimental energy barrier of 98.2 kJ mol-1. All transformation products detected in chlorination experiments were located by computational models, and the reaction mechanism underlying their formation was described in detail. Different computational methods (density functional and ab initio theory) were applied, and the double hybrid B2-PLYPD functional was found to be superior in terms of efficiency and accuracy. Of special interest are oxoiminostilbene and formylacridine, which are the final products in the degradation cascade. Their exceptional thermodynamic stability, as predicted by quantum chemical methods, suggests that these structures should be considered as recalcitrants in chlorinated waters. Fruitful interplay between computational models and experimental data proves that the quantum chemical approach can be used as a predictive tool in environmental degradation studies.